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1 (DxS/p^— >'3 >:7-i';l/^ 2 7 1 ^^2£?:>f='i^^— 

3>:7>r;bi5'2 7 2 ^*^^^^^nTv^;g>o mitof^i/ 
:^—>3 >y^?v^ z 7 1 icioif^m 1 co:7^;i/^ 2 6 

ICD&mm^Hl (Z) ^S: (gS^l) ^L. m2(7)x>';^ 
— i^3>7-<;l/^ 2 7 2tC:}ottS^2(0:7-i';l/^ 2 6 2 

<^e5iBiiSH2 (z) % (a2) i:brc^$tc. 

CO 0 5 7] 



11 



(7) 



4tBB¥ 1 0-2 0 9 8 1 5 

12 



HI (Z) = 



/ \ w 



1-Z 



-1 



[0 0 5 8] 



H2 (Z) = 



1-Z 



1-Z 



-I 



[0 0 5 9] tC*3l/^T. 5S5i^:^^^M=3. >^>^Mx^>'X 
:$'MSS(N = 8£OJi^lCOV^T^LTV^^o ^LT, 

^k'rJ\y^i^^'^ (AZ) ^IBfgZ 8 1 ^ LT. Ti-uif 

[00 60]^! (Or'iy B >y ^ 2 7 1 IC^ 

V^T. Ji^S2 0 1. 2 0 2. 2 0 3(i:it>yU y^'ja 
iSSf SCO 6 4^0^ig|S6 4 f s<D^uy^0 1 T®J 

2 8 icomti^mmu tmmz i iiDA;bi:'rso *d 

»S2 1 Ui:3:^^-r;l/^v'^v^il|#g2 8 lomtFi:31 

mmzo icomti^tuw-t^o 2#@oii5St§2 o 2ti 

iD^ig2 1 ioa:^:^3i^U. *p»f§2 1 2<DA;bi:f 
§o iaS:tS2 1 2^t1}uW^2 i i om:^h3lJi§§2 o 2 

t7)ai;^^iDK'r^o 3#@cOil5gf§2 0 3ti:iD®§§2 1 

2<Dmt}^mmi.. tuwmz i 30A:^^-r^o tuw^ 

2 1 3tiiD»S2 1 2(Omtit]m&m2 0 3(D&,ti^nu 
WT^o mi<D'fiy^-zyB>^&2 5 1 lfttmSS2 1 
306 4 f scoffi:fj{i^^j^6 4 f s iO^^<?)iaiSiSco 
^n^;/^<|)2 (=3 2 f s) cOfi^^iJtcPa^^Ko 
[0 0 6 1] mi(D'riy:?^—>B>y-fJV^ 2 7 lit. 

201, 202, 203. 2 11. 2 1 

2. 2 1 3*3cJ:t/^ 1 £Dx>'7^— >Il]iiS2 5 1 
^^nri/^So ±fB^0<g^i^)5-&^lO7'i/><->'3> 
lHlS§2 5 l^^<gp^;^)^m 1 0:7^;l/^ 2 6 1 ^^fi^L 
T*5*9. SlC07^;l/^2 6 1 i:^ 1 C0-7'i/p<->'3 > 
IelgS2 5 1 tlc^-Drm 1 cD-riy^— v^H >'7>r;l/i5? 2 
7 lA^e^^nxt^^o ^10-ri^;?<-i^3:xlplSS2 5 

Hi. 6 4 f s (oxtimmcnLs 2 r s Tfi^^tB:^/ 

■r^o ®5Sii2 0 1 , 202. 2 0 3 3 1 

:7^;i/^2 6 ioe^MS(H 1 (z) (om^^^k^u^s 

[0 0 6 2] ^2C0x>'^-v'3 >:7^;l/:$? 2 7 2tC*5 
l/^Ts SIS8^0>':7hUi;Xi5?2 2 1. 2 2 2. 2 2 3 
Ift. ^ 1 ^O-r^v'^— i/a zyy^JV^ 2 7 1 (D^n^y ^0 
1 (.6 4 f <D2i^<D\(Dmi(&^(O^Uy^02 (3 



2 f s) T'lftftU m^^i^uyi;0 2(0S^ay^^ 
Jg^b. /±l;b-r^o l^S<DiyyhUiy7.^2 2\itm 
$^(D^\(D'fiy:^—zyB>y-^;V^ 2 7 KDtiiti^WM: 
S/r7hUi^;^t$?2 2 2coA:;b^"r^o 2#gcoi/77 

h i^i^;^^^ 2 2 2 itiyy h lyi^T.^ 2 2 1 (omts^mm 

b. v':7 M^>;x^5?2 2 3coA;'7^-r^o 3ms<Diyy 
h WT.^ 2 2 3 (i>^:7 h \yV7.^ 2 2 2 (^^^^1^^ 

b. tB:b-r^o ia^i§2 1 4ti:mitOT''»{->'3>:7 

^;Vi5?2 7 i(omtit^^3^mo:>iyy huiyy.^ 2 23 

10 tDttl:b«:MSf-r§o M^§§2 1 5ti2SBCDf:/:7hb>? 
;^i5?2 2 2om:^*>?> \mS(DiyyhUzy7s^2 2 KD 

mti^mw-r^o mm^2 3 1 i^tmm^2 1 5<Dtti*F^ 
smcLntiti-r^o tnmmz 1 6(iMS§§2 1 4(Dtti 
t}tmm^2 3 icDuti^tum't^o \mso:>m^^2 

4 ni:*DSfS2 1 ecomtj^m^Lrmtt-r^o 2ss 
^os^i§2 4 2i±m^^2 4 KD&ti^m^Lrihii-r 

3#@c0^^g§2 4 3ti«»§g2 4 2(Dthti^m^ 
LratjT^o m2(Or'->^—iyB>^^2 5 2it3m 
S(Dm^^ 2 4 3 C> 3 2 f s tom;bS^^'J^ 3 2 f s CO 
20 N^(D I irrjiio-^iicXHta^O^ 1 (omi^WL4 f soft 

[0 0 6 3] m2(Or'->^—>B>y>f?\y^ 2 7 2 fi. 
i>':7M/yX^2 2 1. 2 2 2, 2 2 3.M^§§2 1 
4. 2 1 5. An©g§2 1 6. ^gg§2 3 K 5H:9'§g2 4 
1, 2 4 2, 2 4 3*5<J:t/^2<DT'>';<-~i>'3>lpllS2 

5 2T'1g^^nTV^^o ±lEc0®^Od-&^2Oxi^;^ 
-v'a >'lHl[S2 5 2^|^<gP»;6^^2C0:7^;l'^2 6 2 
^«fi2bT4oO. ^2 0:7.c;Vi572 6 2hll2*D7^->p< 
— lya ym^2 5 2 i:tCj;-::>T^2 0x>-^— v-a V:7 

30 2 7 2;0^«^$nTl^^o ^ 2 C0x>^^-£/ 3 > 

'7>r;b^2 7 2ti:. 3 2 f s OAi^'^ff -^tc^bn— /^X 
y-r)\y^idM^m\ 4 f s T®#^l±J:^-r§o >^>^h 
Uv'X:$?2 2 1, 2 2 2, 2 2 3^D@?S8:6^m2C07^' 
;l/^2 6 2c7)e3lM8!(H2 (Z) 0:jX:g(N = 8^?*i6T 
V^§o S/t. ®5i^«82 4 1. 2 4 2. 2 4 3<0(Ba3b^^ 
2(Dy ^ 2 e 2(DBmm^H2 (Z) tOffliJ':^AISM 
= 3^i*a6T0^-5o 

[0 0 6 4ri:i±(D^oicm^-^nrcmm<Dmm2im 

^•r'i/p^— >'3>77-<;I/^D F 2tC'OV>T. J^XTtc-^O 

[0 0 6 5] 3:^'r;l/:$f>'y x'^l^g§2 8 1 itT^n^^ 

' 6 4 f s(D'f^i^^)\ym^^mtit^o C(Dt^. A 
;^ltr'y haQ = 4 T'fe^o ^10-ri^;<->'3>'7^;l/ 
2 7 Hi. ^03^^^^^!|$14J&Wr§ 4 If h - 6 4 
f sOx^>^^;l/{i^;&A;'jb> ^n';/^0i (64f 
s) T'Sfiffr^e ^ 1 (Dr'iy^ — iyB >[h]S§2 5 1 
<mi (Oy^)\^^2 6 l<O©]{^tci:0> (^S(6) \^7r<t 
eilBliStH 1 (Z) On-/^x:7^;l/^!|$i4;g:feOo 
50 [0 0 6 6] 



(8) 



10-209815 



13 



14 



HI (Z) = 



l-Z 



-2 



l-Z 



/ 



[0 0 6 7] C(Dmi(Oy^;V^2 6\l^^(D^iitm 
j^'X:\^ay^0l (6 4 f s ) COMIS^^CO 2^i^O 1 O 
iliffia (3 2 f s) tC-lfD^^t-^. 3:^^toa5^il$tt:& 
^-r^o <^oT. eSH^H 1 (Z) £Dn-/^x:7^;l/ 
i5?T£^^l 07^;l/^2 6 lcoy>r:^ti. 2<7)3^fS 

(23 ) iCtSi^o 'rf^t>^. 3\£-^h(OmMcf3:^o b 

6) ic^-t&mmmHi (z) cou-/^x>^^;i/^^ti4 
2 5 ncj;D 2»o 1 o/^ffi^s 2 f scom^mc^ 

cfcoT. S 1 COt^S/^— >3 V:7-<;1/^ 2 7 Ui. 
Atl/^M tr^y h. e^Sli^H 1 (Z) cDy^V/b^Slf^;/ 

[0 0 6 8] mzcD-Tiy?^— iy a >y^;V^ 2 7 2(DX 
tiimmt. m 1 <Dy^iy:?^—>3>y^;V^ 2 7 1 cOttl:^ 
m^(0 5\£y h - 3 2 f sCDr'^fiyiifl^m^V^^o m 
2(D'fiy^ — iyBiyy^)\y^ 2 7 2\,t^uy^<t>2 (3 

2 f s) xmv^-t^o m2(D7'zy^—iyB>mm2 5 2 

^Kt<S2CO:7^;l.^2 6 2CDi!jmc<tD. (3a7) 
5^-reSBIISH2 (Z) coa-/^x:7^;l/^!t$tt^fe 

[00 6 9] 
[^7] 



10 



20 



H 1 2 (Z) = 



l-Z 



-2 \ 



l-Z 



H2 (Z) = 



l-Z 



l-Z 



/ 



COO 7 a C(Dm20)y^;]/^Z6 2tt^'D y^0 2 

(3 2 f s) (Dmi&^<D8^cD 1 comil&^ (4 f s) £0 

gSg8SfH2 (Z) tDn-AX^-r/l/^fT'fc^^ 
2£D:7^';1/3? 2 6 20^/''l'>'{i:. 803^^ (8= ) ic 
(I&7) tcJ;Sft^^iJ{i^2 0f'>'^-'>3 ^iHi 
SS2 5 2{i:<fet) 8»c^) l«o;^jggSl4 f sOfS-^^UfC^ 
So S2«7-f;l/^2 6 2*^fcon— /^X^-f/I/^f^ttt 
^^:•^v^T£D^'^■y^0 2^SJpi:-r se5tMSS(H 2 

(Z) ^2{g®jgigS(^t,O^a>yi'0 l«StpT'»# 
H-Ti:, (SSfS) ic^stmrnmSkliZ' (Z) fc*«o 

[0 0 7 1] 

[^8] 



/ 



H2'(Z) = 



l-Z 



\ 



l-Z 



[00 7 2] j:oT, :^mm<Dmm2icm^7'iy^—> 

2 7 1 i,cisif^mi(oy^jv^z 6 1 coG^gggfcH i 

(Z) i:^207*->;>{— >3>7w;I/^2 7 2fC^3lJ-5 

^2<0>'<';l/:5r2 6 2oe3SM3SH2' (Z)i:^a-tt 

2 (Z) tDn— -'^xv-i';b^'1ttt*«>-oci:li::a:So c 

1 <Oli-a-i:|SICtOT'^5o 
[0 0 7 3] 
[Sfc9] 

3 / \ 3 

l-Z -'^^^ 



l-Z 



-2 



l-Z 



l-Z 



-1 6 



-I 



[0 0 7 4] C<Dm.'^<0&mm^H I 2 (Z) ton-y^ 

[0 0 7 5] ^mmmmzicm^T'iyy^-iyayy^ 

J\^^DF 2(Dm^(DBmmWLHl 2 (Z) Oy-Oti: 4 

0 9 6^ (= 1 63 ) r-$>o. nmmmi &^i^(^tvt 

[0 0 7 6] W±<Dct9tC**SSO?gSg2tC^3^^Xv/;?< 
mi<Dv'iy?^-zya>y>fj\y^2 7 \iim2(K> 



too. mnmMtmmMti(D'X^rjiW,2o:>7'iy^-i/ 

3>'7^;l/^2 7 2<Di!jf^^D'y^:&Se3fe<S^(0^^a) 
0 1 ( 6 4 f s ) tChb^T 2 ^^€> 1 0 2 ( 3 2 f s ) 

3 2 7 1 o:>Ktim^t'^3:k7')\^^iy<f■^^m 

882 8 1 A^804 If »y h - 6 4 f s<DT'ru^m^(0^ 

-g-^^ ^ 1 ^OxS/;?^-i>3 >7-r;i/^ 2 7 i cotb:tifi^ 



15 



(9) 



ttgfW 1 0-209 8 1 5 

16 



[0 0 7 7] :^4o. Bug^0'r;l/^>'^-V^il|§gcDttS:^3lf 

D F 2 co:k^^^zfmimmmmm(Drzii>co-mr*& 
c 0 0 7 8 ] mmmm s ] h 3 «*fg0^{c<f ^usss 

3 O T^i/ p« — 3 > 7 ^ ;l/ ^ OIS^^ n 

3 >:7>f 3 7 2 tt^^m^^nri^^o m i ^tdt^v' 

^—1^3 >y^?V^3 7 1 tc^ott^m 1 0>^^;l/^ 3 6 
KDBmmnHS (Z) ^ (183) ilL. mzcov'zy?^ 
—i/Bl/y^ )V^3 7 2lC^if:S>^2<Dy^;\y^3 6 2 
^oeMgili(H4 CZ) (iS4) tLTct^lc. 

[0 0 7 9] 

[®3] 



H3 (Z) = 



l^Z 



-2 



1-Z 



-1 



[0 0 8 0] 
[S4] 



H4 (Z) = 



1-Z 



V 



1-Z 



10 



30 



[00 8 1] ^^:43V^T. ^SL = 4^lll<0:7^;l/iSf 3 

6 lOffl^:^|SM=3ctt)fe:^#< Lfc4:^x;l/^f>^' 
V^lit§3 8 1 ^ffll^Tt.^;So ^/c. «5i':>:S5(M=3. 

4:^j^f';l/^>'>fv^|g§§3 8 1 itXilTi-xn^^Xtjm^ 
^6 4 f siD-r^ v'^yWI-^tC^^t-^o 
[0 0 8 2] H 1 (D'fiy:^—> 3 >y ^ 3 7 1 tc*5 
^^T. ^5S#i3 0 1 . 3 0 2. 3 0 3. 3 0 4^i:-9->'y 
U>^'MIS^f s06 4f^(7)i^iggi6 4 f sO^n^y^ 4o 
0 1 TBjf^b. fl^^^n^y ^0 1 (D 1 ^U^y ^53^)1® 

■^^IS§§3 8 1 toa:l:^j;&il3^L. tuW^S 1 1 t7)A:;bh 
"T^o ijmm3 1 1 ti4^j«jx;l/^>^^'v^ii§§3 8 i(D 

thi3tmm^3o i(oiti:fi^tum'r^o 2mm(Dmmm 

3 0 2{i:*P^§§3 1 KDttitJ^mmL. AnSf§3 1 2^7) 

xtit-r^o Mw^s 1 2ti:ingtg3 1 Komtitmm 
^3 0 2(Dmti^tm'r^o 3SB(ommm3 0 3im 
»§§3 1 2<Dmt)^mmL. tnm^3 1 3toA:^a:-r 

Ad^S3 1 3(i*D»§g3 1 2i7)tti:^i:®55g§3 0 3 so 



3(Dmt}^mmL. huMm3 i ACDXtit-r^o *pg§5 

3 1 4lttum^3 1 3£Om;^;^il5i§§3 0 4 com:^^j[iP 
»*r^<, ^ 1 cOf='>^p<-S/3 >[H]^3 5 1 (i:*P»g5 3 1 

4 06 4 f sOtti:^^i^51J«:6 4 f s <D^^^(Omm.SL(0 
^n>y>7</)2 (=3 2 f s) OM^^JtC^1?l<o 

[0 0 8 3] mi CD-ri/^— i>3 3 7 1 (i. 

)15i§g30 1. 3 0 2. 3 0 3, 3 0 4.ing[§|3 1 
1, 3 12. 3 13. 3 I 4:iS^rSmi(Dr'i^^ — i^3 

>\Bi^3 5 1 ^m^^nri^^^o ±tEcDm}ii(DoiE>m i 

(0'fiy:^'-iy3>m&i3 5 \ ^^.<§^^-b^m KOy ^ )V 
^3 6 1 ^^gdcLT43»?. mitO:7-f ;l/^3 6 1 i:^ 1 
^0"rv/;^->/3 >[E]SS3 5 1 tlC^-oTm i £Dxi/p<- 
i>3 >"7-<;l/^ 3 7 l^^^^^nri/^^So ^ic^-ri^p^ 
-v's^lElgSS 5 Ui> 6 4 f s<7)A:'3{i^tcS^L3 2 

f sx^m^^ati-r^o 

[0 0 8 4] m2<D7^iy?^—>3 yy^jV^ 3 7 2tC:|o 

t^T. @S5:8 0->:7Mx-:;?Xi5?3 2 1. 322. 323 
ti. ^ 1 O-r'S/;^— S/3 >':7^;l/^ 3 7 ico^ay^0 

1 (6 4 f s) 02^0 1 ^o;^iSiSfco^n>y ^(|> 2 (3 

2 f s) Xm'^U m^^^U^y^02(D8^uyi7^ 

mmLxmti'r^o i ms<Diyy h ui^y.^ 32 i^m 

^com 1 (Dfi^^—yB >y^;V^ 3 7 1 COttit}^M^ 

->:7 hL/i^x^3 2 2cDA;b^-r^o 2mS(Diyy 

h lyi^y.^ 3 2 2 ti:S^:7 h X^-JT.^ 3 2 1 (OW^nim^ 

v':7Mxyx^?3 2 30A:^^'r^o 3S@coi/y 

M^v^X^3 2 3ti>'7hU'i/*A^3 2 2 0m:;^J^ilS 

tB:^*rSo WM^3 1 5(i:m 1 O-ri^^^— >3 
>r;l'^3 7 \(D^-hi:i^^3^^(D^yyW-J7.^3 2 3 
^7)ffi;b^MS-r^o 2^g^3 1 6{i2#Sc7Di/>'hbi/' 
A^3 2 20:>atif^^iE> 1 #gOv^-7 hUv^A^ 3 2 lO 
tB;^%5gclt*rSo m^§83 3 1 immm3 1 6<Ottl:^:& 
3fgtcLTm::^-r^o *P»§5 3 1 7{J:igcg#i3 1 5 cOffi 
:^^*Mtt53 3 icDm:^j^ApSt-r^o l #g<?Da^i^g§3 

4 i«*Dg§§3 1 7 (omtj^m'^i.xmfj't^o 2#g 

CDffi5j^^3 4 2i^m^m3 4 lCOtH:^^5®5i'LTffit!t- 
3#gcDS^^t§3 4 3tiS5J'#§3 4 2<7)ttl;^;:&ffl^ 
LTW:^*r^o ^2iO-rS^^— >3>lHlSS3 5 2t*3# 
BiO«5i^fg3 4 303 2 f s <Datjmm?^\^ 3 2 f sO 

K^cDi'r^t)'^iicxifts^<Di<om\&^4 f s<om 

[0 0 8 5] ^ 2 CD-r 3 yy ^ 3 7 2lrt. 

iyyh\yiyX^3 2 I, 3 2 2. 3 2 3. Mg§s3 1 
5. 3 1 6s JjP^f§3 1 7. ^S§g3 3 K ffl5i^g§3 4 
1. 3 4 2. 3 4 3*5ctt>*|g2CD-rv';^— S/3 >IPISS3 

5 2T'1ll^^nTV^§o ±feOll|^CD^-^S2t7)T^ix^ 

— i^s >IH]5S3 5 2^m<^'9i'ti'^m2 0:>y^j\y^ 3 6 2 
^^^LT:fot)s ^2 0:7^;1/^ 3 6 2 i:m2C0x:^>;^ 

— i^3>m^3 5 2 i:tC<koTS2<7)-rS/><-'>3 
-<;l/^3 7 2*'«3|g^^nT(/>5o Il2(0'ri/p<— i:/3>' 



17 



(10) 



JttBflT 1 0-2 0 98 1 5 

18 



y-<jv^mm^n\^\ 4 f sT{i^^m;^-r^o i^yh 

Ui^Xi5?3 2 1. 3 2 2. 3 2 3 <Dm^8ifm2<Dy ^ 
3 6 2 (OBmm^H 4 ( Z ) O^^Sj K = 8 ^S*A6T 
V^^o ^fc. Sl^i-SgS 4 1 . 3 4 2, 3 4 30f@ife;b^m 

2(Dy^?v^3 6 2(o&mmmH4 <Dm^:kmM 
[0 0 8 6] j;(±a)cfc'5Ji:ii^^n/'ciisgcDjgffi3ic^ 

CO 0 8 7] 4:^A-r;l/^?e/^v^liSg3 8 1 ItTi-u^* 

xtim^tm^im^(D4:^Km^^ii^m'r^6 4 r s 

(Dr'-Ci^^Mmm^mtl't^o mi(D-Ti^?^-iyB>y 
^;V^3 7 1 ti:. ^0 3^>:«S5j^#14^^f ^6 4 f sO 
y'^i^^^Vm^^Xtil^. i^uy^0l (6 4fs)-e 
Kf^-r^o ^ 1 O-ri/^-v'H >lpIS§3 5 1 :^^<^ 1 

o7^;i/^3 6 icommcxo. (iSii 0) tc^-rea 

lilSH3 (Z) (DU-/iXy^J\^^m^^i>'Do 
[00 88] 

mi 0] 



H3 (Z) = 



1 -z 



-2 



\ 4 



1-Z 



-I 



/ 



[0 0 8 9] ^a^y^0 1 

^OlO/^iS^ (3 2 f s) 

T*fe§^io:7-<;i/^3 6 

(2^ ) iCfs^o mi 0 
P^— >'3>lHlK3 5 1 ICX 

[0 0 9 0] mzcD'fiyTf^ 

m^x-&^3 2 f sC07=^>r 
$/3>:7-f ;l/^3 7 



(6 4 f s) (Dmm^<D2^ 

3 (Z) (On— /^x:7^;l/^$? 
IcO^VXi. 2^0 4^^ 

^2^o:>l(Dmi&m3 2 f s 

— >a>':7-<;l/^3 7 2 (DA 
v^a >>'-<;l'^3 7 1 cOtiit) 

2lt^Uy^0 2 (3 2 f 



10 



H3 2 (Z) = 



1 -Z 



-2 



1-Z 



[0 0 9 6] ccom^coBimm^Hs 2 (Z) con-/^ 

[0 0 9 7] mm(Dmm3icm^y'->?^—>a>y^?iy 

^DF 3(Dm^(DBmm^H3 2 ( Z ) (Dy-T >ti 8 I 
9 2fS (=2^ X 83 ) Tfc;5o 

[0 0 9 8] lU.±<D^'^^C:^mm(Dmm3lcm^7'iy:?^ 
-iysyy^jV^BF 3i±. "fiy^ — i^ay (fS^]^) 
mS^. m 1 <D-r'iy:^—->B>y^;\^^ 3 7 1 tm2a:> 
'fiyy^-iyayy^;i^^3 i 2t\c^m\^Tmm't^c 
hX\ m 1 (Dr'iyp^—iya >y ^ 3 7 UCcfct) 4:^ 
'r;l/^S/>fv^|||t§3 8 1 <Olht}<0 4:km^^^^mm, 



s) TK^^-r^o ^2cO-r->^—^/3 XhISSS 5 2: 
<m2(Dy^ 3 6 2<DW}mcXK). (^7) tc^-T 
eitMS(H2 (z) on-/^x:7.r;l/^1$14^tOe 
[0 0 9 I] 
[^7] 

1-Z ' 



H2 (Z) = 



1-Z 



-1 



[009 2] C0^2(D>'>r;l/^3 6 2{i^n^>^0 2 
(3 2 f s) <Dmr&^(OB^(Dl(Dmm.n (4 f s) (D 

oT. {S^M^H2 (Z) (Dn-/^x>^-<;l/^T'fe^^ 
2(Dy^?V^ 3 6 2(Dy^yit^ 803^fg (83 ) (c 

(a 7) tCc}:§{i^^Jti^2 0xS/p?— >3>ioi 

gS3 5 2tCi:D 85i^(D l(0j§S^4 f sOfi^?iJtc:& 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the circuit scale and power 
consumption of a decimation filter by operating a dividing processing 
by plural decimation circuits using plural decimation filters having a 
specific transfer function which operate with a clock with a specific 
frequency. 

SOLUTION: This decimation filter is constituted of first and second 
decimation filters 171 and 172, and the first decimation filter 171 has 
a transfer function HI (Z) by Z transformation indication indicated by 
an expression 1 and the second decimation filter 172 has a transfer 
function H2 (Z) indicated by an expression II. In the expressions 1 and 
n, M and N are natural numbers. Then, a first decimation circuit 151 
operates the decimation of the output of a first filter 161 into 1/2. 
and a second decimation circuit 152 operates the decimation of the 
output of a second filter 1 62 inputs the output of the first decimation 
circuit 151 into 1/N. In this case, the second filter 162 operates with 
a clock with a frequency which is 1/2 of that of the first filter 161. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Let M be the natural number. [Equation 1] 

( 1-Z ^ 

HI (Z) = 



1-Z 



-1 



The output of the 1st filter which comes out and has the transfer function HI by the Z transform display expressed 
(ZX the 1st decimation circuit which carries out decimation of the output of the 1st filter of the above to 1/2. and the 
decimation circuit of the above 1st is considered as an input, and let N be the natural number. [Equation 2] 

f K. \ 

H2 (Z) = ' ^'"^ 



1-Z 



The decimation filter characterized by having the 2nd filter which comes out and has the transfer function H2 (Z) 
expressed, and the 2nd decimation circuit which carries out decimation of the output of the 2nd filter of the above to 
1 part N, being constituted, and being constituted so that the 2nd filter of the above may operate with the clock of 
1 /2 of the frequency of the 1 st filter of the above. 

[Claim 2] The decimation filter according to claim 1 characterized by being constituted so that the input to the 1st 
filter may be an output of the Mth delta sigma modulator which changes an analog signal into a Q bits (Q is the natural 
number) digital signal and the output number of bits of the 1st filter of the above may be the following (Q+M). 
[Claim 3] The output of the Lth delta sigma modulator (L is the natural number) which changes an analog signal into a 
digital signal, and the aforementioned delta sigma modulator is considered as an input. [Equation 3] 

{ 1-Z ^ ' 
H3 (Z) = ^ ^ 



The output of the 1st filter which comes out and has the transfer function H3 (Z) expressed, the 1st decimation 
circuit which carries out decimation of the output of the 1st filter of the above to 1/2, and the decimation circuit of 
the above 1st is considered as an input and let K and M be the natural numbers. [Equation 4] 

H4 CZ) = 



1-Z 



-1 



/ 



Have the 2nd filter which comes out and has the transfer function H4 (Z) expressed, and the 2nd decimation circuit 
which carries out decimation of the output of the 2nd filter of the above to 1/K, and it is constituted. The decimation 
filter characterized by being constituted so that the 2nd filter of the above may operate with the clock of 1/2 of the 
frequency of the 1 st filter of the above, and setting the degree M of the 2nd filter of the above to under the degree L 
of the 1 st filter of the above. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the decimation filter which changes the 

sampling frequency of the digitized analog signal and operates a signal train on a curtailed schedule. 

[0002] 

[Description of the Prior Art] The conventional decimation filter is explained using drawing 6 . In addition, about this 
technology. "National Technical Report VOL.34No.2 Apr.1988 p.p.43" has the publication. 

[0003] Drawing 6 is the block diagram showing the composition of the conventional decimation filter. The clock phi 1 
of operation has the frequency (64fs) of 64 times as much over sampling technique as a sampling frequency fs (it is 
only indicated as fs below). The shift register 601,602,603 of a number of stages 16 delays a signal by 16 of the clock 
phi 1 of operation clocks. The 1st shift register 601 delays for it and outputs an input signal. The 2nd shift register 
602 considers the output of a shift register 601 as an input, and delays for it and outputs it. The 3rd shift register 603 
considers the output of a shift register 602 as an input, and delays for it and outputs it A subtracter 61 1 subtracts 
the output of the 3rd shift register 603 from an input signal. A subtracter 612 subtracts the output of the 1st shift 
register 601 from the output of the 2nd shift register 602. A multiplier 621 doubles the output of a subtracter 612 
three. An adder 613 adds the output of a subtracter 61 1. and the output of a multiplier 621. The 1st integrator 631 
integrates with the output of an adder 613. The 2nd integrator 632 integrates with the output of an integrator 631. 
The 3rd integrator 633 integrates with the output of an integrator 632. The decimation circuit 641 thins out the output 
signal train of the 3rd integrator 633 in the signal train of 1/16. The portion except the decimation circuit 641 
constitutes the filter 651 which operates with a clock phi 1 among the above-mentioned composition, and the 
decimation filter DF 4 is constituted by the filter 651 and the decimation circuit 641. 

[0004] Next, operation of the decimation filter DF 4 constituted as mentioned above is explained. The decimation filter 
DF 4 operates with a clock phi 1. The filter 651 except the decimation circuit 641 has the low pass filter property of 
transfer function H (Z) shown in (several 5). 
[0005] 
[Equation 5] 



H (Z) = 



1-Z 



-16 



\ 5 



1 -z 



-1 



I 



[0006] The frequency characteristic of the low pass filter of this transfer function H (Z) is shown in drawing 7 . 
[0007] This filter 651 is called radial fin type filter from the property. It has the zero point for 1/16 of every integral 
multiples of frequency 4fs of the frequency (64fs) of a clock phi 1, and has the 3rd integration property. The gain with 
this transfer function H (Z) of a lew pass filter 651 becomes twice [ cube ] (163) 16. The signal train by (several 5) 
turns into a signal train of frequency 4fs of 1/16 by the decimation circuit 641. 

[0008] The circuit scale of this decimation filter DF 4 is proportional to the number of bits of an input signal, and 
power consumption is proportional to a circuit scale and a clock of operation. Moreover, a change of the integration 
degree of a low pass filter 651 is made by change of the sufFix of the shoulder of transfer function H (Z) shown in 
(several 5). 
[0009] 

[Problem(s) to be Solved by the Invention] In the conventional decimation filter, a circuit scale increases in proportion 
to the number of bits of an input signal, or the integration degree of a low pass filter, and power consumption 
increases in proportion to a circuit scale and a clock of operation. 

[0010] this invention aims at the circuit scale of a decimation filter, and curtailment of power consumption. 
[0011] 

[Means for Solving the Problem] The decimation filter applied to this invention in order to solve this technical problem 
makes M the natural number, and is [0012]. 
[Equation 1] 

/ \ M 

I 1-Z " 

HI (Z) = ^ ^ 



\ 



1-Z 



-I 



[0013] It is [0014], considering the output of the 1 st filter which comes out and has the transfer function H1 by the Z 
transform display expressed (Z), the 1 st decimation circuit which carries out decimation of the output of the 1 st filter 
of the above to 1/2. and the decimation circuit of the above 1st as an input, and using N as the natural number. 
[Equation 2] 
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H2 (Z) = 



1-Z 
1-Z 



-N 



-I 



[0015] It is characterized by having the 2nd filter which comes out and has the transfer function H2 (Z) expressed, 
and the 2nd decimation circuit which carries out decimation of the output of the 2nd filter of the above to 1 part N, 
being constituted, and being constituted so that the 2nd filter of the above may operate with the clock of 1/2 of the 
frequency of the 1st filter of the above. Thereby, since the 2nd filter operates with the clock of 1/2 of the frequency 
of the 1st filter, the power consumption of a decimation filter is reducible. 

[001 6] Moreover, the decimation filter concerning this invention is characterized by being constituted so that the 
input to the 1st filter may be an output of the Mth delta sigma modulator which changes an analog signal into a Q bits 
(Q is the natural number) digital signal and the output number of bits of the 1st filter of the above may be the 
following (Q+M) in the above-mentioned composition. Since the 2nd filter operates with the clock of 1/2 of the 
frequency of the 1st filter and the output number of bits of the 1st filter moreover becomes the following (Q+M) by 
this, curtailment of the circuit scale of a decimation filter and curtailment of large power consumption can be aimed 
at 

[0017] Furthermore, the decimation filter concerning this invention considers the output of the Lth delta sigma 
modulator (L is the natural number) which changes an analog signal into a digital signal, and the aforementioned delta 
sigma modulator as an input, and is [0018]. 
[Equation 3] 

H3 (Z) = 



1-Z 



-I 



[0019] It is [0020]. considering the output of the 1st filter which comes out and has the transfer function H3 (Z) 
expressed, the 1st decimation circuit which carries out decimation of the output of the 1st filter of the above to 1/2. 
and the decimation circuit of the above 1st as an input, and using K and M as the natural number. 
[Equation 4] 



/ 



H4 (Z) = 



1-Z 



-K 



l-Z 



-1 



M 



/ 



[0021] Have the 2nd filter which comes out and has the transfer function H4 (Z) expressed, and the 2nd decimation 
circuit which carries out decimation of the output of the 2nd filter of the above to 1/K. and it is constituted. It is 
characterized by being constituted so that the 2nd filter of the above may operate with the clock of 1/2 of the 
frequency of the 1 st filter of the above, and setting the degree M of the 2nd filter of the above to under the degree L 
of the 1st filter of the above. Since the 2nd filter operates with the clock of 1/2 of the frequency of the 1st filter and 
the degree M of the 2nd filter is moreover set to under the degree L of the 1 st filter, when the degree of a delta sigma 
modulator increases, a decimation filter can respond only by degree change of the 1st filter. Thereby, the circuit scale 
of the whole decimation filter and the increase in power consumption accompanying the increase in a degree of a 
delta sigma modulator can be suppressed to the minimum. 
[0022] 

[Embodiments of the Invention] The decimation filter of the claim 1 concerning this invention makes M the natural 
number, and is [0023]. 
[Equation 1] 

/ \ M 

I 1 -Z 

HI (Z) - ^ 



1-Z 



-1 



/ 



[0024] It is [0025], considering the output of the 1st filter which comes out and has the transfer function HI by the Z 
transform display expressed (Z), the 1st decimation circuit which carries out decimation of the output of the 1st filter 
of the above to 1/2, and the decimation circuit of the above 1st as an input, and using N as the natural number. 
[Equation 2] 

/ \ M 

I 1 -Z 

H2 (Z) = ^ ^ 



1-Z 



-I 



/ 



[0026] It is characterized by having the 2nd filter which comes out and has the transfer function H2 (Z) expressed, 
and the 2nd decimation circuit which carries out decimation of the output of the 2nd filter of the above to 1 part N, 
being constituted, and being constituted so that the 2nd filter of the above may operate with the clock of .1/2 of the 
frequency of the 1st filter of the above. Since the 2nd filter operates with the clock of 1/2 of the frequency of the 1st 
filter, the power consumption of a decimation filter is reducible. 

[0027] The decimation filter of the claim 2 concerning this invention is characterized by being constituted so that the 
input to the 1 st filter may be an output of the Mth delta sigma modulator which changes an analog signal into a Q bits 
(Q is the natural number) digital signal and the output number of bits of the 1st filter of the above may be the 
following (Q+M) in the above-mentioned claim 1. Since the 2nd filter operates with the clock of 1/2 of the frequency 
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of the 1st filter and the output number of bits of the 1st filter moreover becomes th following (Q+M), curtailment of 

the circuit scale of a decimation filter and curtailment of large power consumption can be aimed at. 

[0028] The decimation filter of the claim 3 concerning this invention considers the output of the Lth delta sigma 

modulator (L is the natural number) which changes an analog signal into a digital signal, and the aforementioned d Ita 

sigma modulator as an input, and is [0029]. 

[Equation 3] 

1-Z 

H3 (Z) = 



1-Z 



-I 



[0030] It is [0031], considering the output of the 1st filter which comes out and has the transfer function H3 (Z) 
expressed, the 1st decimation circuit which carries out decimation of the output of the 1st filter of the above to 1/2, 
and the decimation circuit of the above 1st as an input, and using K and M as the natural number. 
[Equation 4] 

1—7 

H4 (Z) = ^ ^ 



1-Z 



-I 



/ 



[0032] Have the 2nd filter which comes out and has the transfer function H4 (Z) expressed, and the 2nd decimation 
circuit which carries out decimation of the output of the 2nd filter of the above to 1/K, and it is constituted. It is 
characterized by being constituted so that the 2nd filter of the above may operate with the clock of 1/2 of the 
frequency of the 1 st filter of the above, and setting the degree M of the 2nd filter of the above to under the degree L 
of the 1st filter of the above. Since the 2nd filter operates with the clock of 1/2 of the frequency of the 1st filter and 
the degree M of the 2nd filter is moreover set to under the degree L of the 1st filter, when the degree of a delta sigma 
modulator increases, a decimation filter can respond only by degree change of the 1st filter. Thereby, the circuit scale 
of the whole decimation filter and the increase in power consumption accompanying the increase in a degree of a 
delta sigma modulator can be suppressed to the minimum. 

[0033] Hereafter, the gestalt of concrete operation of the decimation filter concerning this invention is explained in 
detail based on a drawing. 

[0034] [Gestalt 1 of operation] Drawing 1 is the block diagram showing the composition of the decimation filter 
concerning the gestalt 1 of operation of this invention. This decimation filter DF 1 consists of the 1st decimation filter 
171 and the 2nd decimation filter 172. It is [0035], when the transfer function HI of the 1st filter 161 in the 1st 
decimation filter 171 (Z) is set to (several 1) and the transfer function H2 of the 2nd filter 162 in the 2nd decimation 
filter 172 (Z) is set to (several 2). 
[Equation 1] 

/ \ M 

I 1-Z " 
HI (Z) = ^ ^ 



[0036] 
[Equation 2] 



H2 (Z) = 



r-z 



1-Z 



/ 



-N 



1-Z 
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[0037] It is alike, It sets and the case of the integration degree M= 3 and the shift register number of stages N= 8 is 
shown. 

[0038] In the 1st decimation filter 171 shown in drawing 1 . the delay machine 101,102,103 operates with the clock 
of a sampling frequency fs (it Is only indicated as fs below) ] phi 1 of 64 time over sampling technique of frequency 
64fs, is delayed by 1 of a clock phi 1 clock, and outputs a signal. The 1st delay machine 101 is delayed and considers 
an input signal as the input of an adder 1 1 1. An adder 1 1 1 adds the output of an input signal and the delay machine 
101. The 2nd delay machine 102 is delayed and considers the output of an adder 1 1 1 as the input of an adder 1 12. An 
adder 112 adds the output of an adder 111, and the output of the delay machine 102. The 3rd delay machine 103 is 
delayed and considers the output of an adder 1 1 2 as the input of an adder 1 1 3. An adder 1 1 3 adds the output of an 
adder 112, and the output of the delay machine 103. The 1st decimation circuit 151 thins out the output signal train of 
64fs(es) of an adder 1 1 3 in the signal train of the clock phi 2 (=32fs) of the frequency of the half of 64fs(es). 
[0039] The 1 st decimation filter 1 71 consists of a delay machine 101.1 02.1 03, an adder 1 1 1 ,1 1 2,1 1 3, and the 1 st 
decimation circuit 151. The portion except the decimation circuit 151 of [ 1st ] the above-mentioned composition 
constitutes the 1st filter 161, and the 1st decimation filter 171 is constituted by the 1st filter 161 and the 1st 
decimation circuit 1 51. The 1st decimation circuit 1 1 is thinned out in 1/2 to the Input signal of 64fs, and outputs a 
signal by 32fs(es). The number 3 of the delay machine 101,102,103 has determined the Integration degree M= 3 of the 
transfer function HI of the 1st filter 161 (Z). 

[0040] In the 2nd decimation filter 172, the shift register 121,122.123 of a number of stages 8 operates with the clock 
phi 2 (32fs) of 1/2 of the frequency of the clock phi 1 (64fs) of the 1st decimation filter 171, is delayed by 8 of a clock 
phi 2 clocks, and outputs a signal. The 1st shift register 121 is delayed and considers the output of the 1st decimation 
filter 171 of the preceding paragraph as the input of a shift register 122. The 2nd shift register 122 Is delayed and 
considers the output of a shift register 121 as the Input of a shift register 123. The 3rd shift register 123 delays for It 
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and outputs the output of a shift register 1 22. A subtracter 1 14 subtracts the output of the 3rd shift register 1 23 from 
the output of the 1st decimation filter 171. A subtracter 115 subtracts th output of the 1st shift register 121 from 
the output of the 2nd shift register 122. A multiplier 131 outputs by increasing the output of a subtracter 115 3 times. 
An adder 1 1 6 adds the output of a subtracter 1 1 4. and the output of a multiplier 131. The 1 st Integrator 141 
integrates with and outputs the output of an adder 116. The 2nd integrator 142 integrates with and outputs the output 
of an integrator 141. The 3rd integrator 143 integrates with and outputs the output of an integrator 142. The 2nd 
decimation circuit 152 thins out the output signal train of 32fs(es) of the 3rd integrator 143 in the signal train of 
frequency 4fs of 1/8 1 part N of 32fs( s), i.e.. here, 

[0041] The 2nd decimation filter 172 consists of a shift register 121.122,123, a subtracter 114.115, an adder 116. a 
multiplier 131, an integrator 141,142.143. and the 2nd decimation circuit 152. The portion except the decimation 
circuit 152 of [ 2nd ] the above-mentioned composition constitutes the 2nd filter 162, and the 2nd decimation filter 
172 is constituted by the 2nd filter 162 and the 2nd decimation circuit 152. The 2nd decimation filter 172 performs 
low pass filter processing to the input signal of 32fs. and outputs a signal by 4fs. The number of stages 8 of a shift 
register 121,122.123 has determined the degree N= 8 of the transfer function H2 of the 2nd filter 162 (Z). Moreover, 
the number of an integrator 141,142.143 has determined the integration degree M= 3 of the transfer function H2 of 
the 2nd filter 162 (Z). 

[0042] About the decimation filter DF 1 concerning the form 1 of the operation constituted as mentioned above, the 
operation is explained below. 

[0043] Let an Input signal be the digital signal of 64fs(es). The 1st decimation filter 171 operates with a clock phi 1 
(64fs). By operation of the 1st filter 161 except the 1st decimation circuit 151, it has the low pass filter property of 
the transfer function HI (Z) shown In (several 6). 
[0044] 
[Equation 6] 

f i-z 

HI (Z) = 



1-Z 



[0045] This 1st filter 161 is called radial fin type filter from the property. It has the zero point in 1/2 of the frequency 
(32fs) of the frequency of a clock phi 1 (64fs), and has the 3rd integration property. Therefore, the gain of the 1st 
filter 161 which is a low pass filter of a transfer function HI (Z) becomes twice [ cube ] (23) 2. this — the number of 
bits of the input signal of the 2nd decimation filter 1 72 — the number of bits of the input signal of the 1 st decimation 
filter 171 — a triplet — many bird clappers are shown The signal train by (several 6) turns into a signal train of 
frequency 32fs of 1/2 by the 1st decimation circuit 151. 

[0046] The 2nd decimation filter 1 72 operates with a clock phi 2 (32fs). By operation of the 2nd filter 1 62 except the 
2nd decimation circuit 152. it has the low pass filter property of the transfer function H2 (Z) shown In (several 7). 
[0047] 
[Equation 7] 

H2 (Z) = ^ ^ 



1-Z 



-1 



[0048] This 2nd filter 162 has the zero point for every integral multiple of 1/8 of the frequency (4fs) of the frequency 
of a clock phi 2 (32fs). and has the 3rd integration property. Therefore, the gain of the 2nd filter 162 which is a low 
pass filter of a transfer function H2 (Z) becomes twice [ cube ] (83) 8. The signal train by (several 7) turns into a 
signal train of frequency 4fs of 1/8 by the 2nd decimation circuit 152. It becomes transfer function H2' (Z) shown 
when the transfer function H2 of the low pass filter property which the 2nd filter 162 has (Z) is expressed with the 
clock phi 1 with the frequency of double precision (several 8). 
[0049] 



[Equation 8] 



H2XZ) = 



1-Z 



-1 6 



\ 3 



1-Z 



-2 



[0050] Therefore, the decimation filter DF 1 concerning the form 1 of this operation will multiply by transfer function 
H2of 2nd filter 162 in transfer function [ of the 1st filter 161 in the 1st decimation filter 171 ] HI (Z), and 2nd 
decimation filter 172 ' (Z). and will have the low pass filter property of the synthetic transfer function HI 2 (Z) shown 
In (several 9). the case of the decimation filter of drawing 6 which this requires for a Prior art — It is (several 5) — it 
Is the same as shown transfer function H (Z) 
[0051] 
[Equation 9] 
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H 1 2 (Z) = 




1-Z 
1-Z 



-16 



-2 



[0052] The frequency characteristic of the low pass filter of the transfer function HI 2 of this synthesis (2) is shown in 
drawing 4 . 

[0053] The gain of the transfer function HI 2 of synthesis of the decimation filter DF 1 concerning the form 1 of this 
operation (Z) is 4096 times (=163), and is the same as that of the decimation filter of a Prior art 
[0054] The decimation filter DF 1 applied to the form 1 of this operation as mentioned above Decimation (infanticide) 
processing by dividing and realizing in the 1st decimation filter 171 and the 2nd decimation filter 172 A circuit scale 
and power consumption can reduce by half the clock of the 2nd big decimation filter 1 72 of operation to phi 2 (32fs) of 
1/2 compared with phi 1 in composition (64fs) conventionally, securing the conventionally same property as the 
property of the decimation filter of composition. Therefore, power consumption is reducible in the half of the 
conventional decimation filter. Moreover, if the decimation filter of composition is compared the 2nd decimation filter 
1 72 and conventionally, in the former, a number of stages can set to 8 of a half the number of stages of the shift 
register which was 16, and can cut down the circuit scale as the whole. 

[0055] In addition, the degree and frequency of operation of the decimation filter DF 1 are an example for explanation, 
and, of course, are not limited to this. 

[0056] [Form 2 of operation] Drawing 2 is the block diagram showing the composition of the decimation filter of the 
form 2 of operation concerning this invention. This decimation filter DF 2 consists of the 1st decimation filter 271 and 
the 2nd decimation filter 272. It is [0057], when the transfer function HI of the 1st filter 261 in the 1st decimation 
filter 271 (Z) is set to (several 1) and the transfer function H2 of the 2nd filter 262 in the 2nd decimation filter 272 (Z) 
is set to (several 2). 
[Equation 1] 

/ \ ^ 

I 1-Z " 
HI (Z) = ^ 



\ 



1-Z 



-1 



[0058] 
[Equation 2] 



H2 (Z) = 



1-Z 



-N 



M 



\ 



1-Z 



/ 



[0059] It is alike, it sets and the case of the integration degree M= 3 and the shift register number of stages N= 8 is 
shown. And what changes an analog input signal into the digital signal of 4 bit~64fs is used as a 3rd delta sigma 
(deltasigma) modulator 281 which doubled the degree with the integration degree M= 3 of the 1st filter 261. Therefore, 
it is the input number of bits Q= 4 to the 1st filter 261 here. 

[0060] In the 1st decimation filter 271, the delay machine 201,202.203 operates with the 64 times as many clock phi 1 
of frequency 64fs as a sampling frequency fs, is delayed by 1 of a clock phi 1 clock, and outputs a signal. The 1st 
delay machine 201 is delayed and considers the output of the 3rd delta sigma modulator 281 as the input of an adder 
21 1. An adder 21 1 adds the output of the 3rd delta sigma modulator 281, and the output of the delay machine 201. 
The 2nd delay machine 202 is delayed and considers the output of an adder 211 as the input of an adder 212. An 
adder 212 adds the output of an adder 21 1, and the output of the delay machine 202. The 3rd delay machine 203 is 
delayed and considers the output of an adder 212 as the input of an adder 213. An adder 213 adds the output of an 
adder 212. and the output of the delay machine 203. The 1st decimation circuit 251 thins out the output signal train of 
64fs(es) of an adder 21 3 in the signal train of the clock phi 2 (=32fs) of the frequency of the half of 64fs(es). 
[0061] The 1st decimation filter 271 consists of a delay machine 201.202.203, an adder 21 1.212.213, and the 1st 
decimation circuit 251. The portion except the decimation circuit 251 of [ 1st ] the above-mentioned composition 
constitutes the 1st filter 261, and the 1st decimation filter 271 is constituted by the 1st filter 261 and the 1st 
decimation circuit 251. The 1st decimation circuit 251 outputs a signal by 32fs(es) to the input signal of '64fs. The 
number 3 of the delay -machine 201,202,203 has determined the integration degree M= 3 of the transfer function H1 of 
the 1st filter 261 (Z). 

[0062] In the 2nd decimation filter 272, the shift register 221,222.223 of a number of stages 8 operates with the clock 
phi 2 (32fs) of 1/2 of the frequency of the clock phi 1 (64fs) of the 1st decimation filter 271, is delayed by 8 of a clock 
phi 2 clocks, and outputs a signal. The 1st shift register 221 is delayed and considers the output of the 1st decimation 
filter 271 of the preceding paragraph as the input of a shift register 222. The 2nd shift register 222 is delayed and 
considers the output of a shift register 221 as the input of a shift register 223. The 3rd shift register 223 delays for it 
and outputs the output of a shift register 222. A subtracter 214 subtracts the output of the 3rd shift register 223 from 
the output of the 1st decimation filter 271. A subtracter 215 subtracts the output of the 1st shift register 221 from 
the output of the 2nd shift register 222. A multiplier 231 outputs by increasing the output of a subtracter 215 3 times. 
An adder 216 adds the output of a subtracter 214, and the output of a multiplier 231. The 1st integrator 241 
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integrates with and outputs the output of an adder 216. The 2nd integrator 242 integrates with and outputs the output 
of an integrator 241. The 3rd integrator 243 integrates with and outputs the output of an integrator 242. The 2nd 
decimation circuit 252 thins out the output signal train of 32fs(es) of the 3rd integrator 243 in the signal train of 
frequency 4fs of 1/8 1 part N of 32fs(esX i.e., here. 

[0063] The 2nd decimation filter 272 consists of a shift register 221,222,223. a subtracter 214.215, an adder 216. a 
oiultiplier 231, an integrator 241,242,243, and the 2nd decimation circuit 252. The portion except the decimation 
circuit 252 of [ 2nd ] the above-mentioned composition constitutes the 2nd filter 262, and the 2nd decimation filter 
272 is constituted by the 2nd filter 262 and the 2nd decimation circuit 252. The 2nd decimation filter 272 performs 
low pass filter processing to the input signal of 32fs. and outputs a signal by 4fs. The number of stages 8 of a shift 
register 221.222.223 has determined the degree N= 8 of the transfer function H2 of the 2nd filter 262 (Z). Moreover, 
the number of an integrator 241,242,243 has determined the integration degree M= 3 of the transfer function H2 of' 
the 2nd filter 262 (Z). 

[0064] About the decimation filter DF 2 concerning the gestalt 2 of the operation constituted as mentioned above, the 
operation is explained below. 

[0065] The 3rd delta sigma modulator 281 outputs an analog input signal and the digital signal of 4 bit-64fs which has 
the 3rd differential property of a quantization error. At this time, it is the input number of bits Q= 4. The 1st 
decimation filter 271 inputs the digital signal of 4 bit-64fs which has the 3rd differential property, and operates with a 
clock phi 1 (64fs). By operation of the 1st filter 261 except the 1st decimation circuit 251. it has the low pass filter 
property of the transfer function HI (Z) shown in (several 6). 
[0066] 
[Equation 6] 

/ \ 3 

HI (Z)- ^ ^ 



1-Z 



-1 



[0067] The property is Kushigata. and has the zero point in 1/2 of the frequency (32fs) of the frequency of a clock phi 
1 (64fs). and this 1st filter 261 has the 3rd integration property. Therefore, the gain of the 1st filter 261 which is a low 
pass filter of a transfer function HI (Z) becomes twice [ cube ] (23) 2. That is, it becomes the increase in a triplet. 
However, the high frequency component is contained in the output signal of the 3rd delta sigma modulator 281, this 
high frequency component is decreased with the low pass filter property of the transfer function HI (Z) shown in 
(several 6), and the output of an adder 213 becomes 5 bits. The signal train by (several 6) turns into a signal train of 
frequency 32fs of 1/2 by the 1st decimation circuit 251. Therefore, the 1st decimation filter 271 can lessen the 
output number of bits to 5 bits in a substantially, although the gain of 4 bits and a transfer function HI (Z) is a triplet 
and the input should become 4 bit + triplet =7 bit on calculation. 

[0068] The input signal of the 2nd decimation filter 272 is a digital signal of 5 bit-32fs of the output signal of the 1st 
decimation filter 271. The 2nd decimation filter 272 operates with a clock phi 2 (32fs). By operation of the 2nd filter 
262 except the 2nd decimation circuit 252, it has the low pass filter property of the transfer function H2 (Z) shown in 
(several 7). 
[0069] 
[Equation 7] 



H2 (Z) 



1-Z 



1-Z 



-I 



/ 



[0070] This 2nd filter 262 has the zero point for every integral multiple of 1/8 of the frequency (4fs) of the frequency 
of a clock phi 2 (32fs), and has the 3rd integration property. Therefore, the gain of the 2nd filter 262 which is a low 
pass filter of a transfer function H2 (Z) becomes twice [ cube ] (83) 8. The signal train by (several 7) turns into a 
signal train of frequency 4fs of 1/8 by the 2nd decimation circuit 252. If the transfer function H2 on the basis of the 
clock phi 2 about the low pass filter property which the 2nd filter 262 has (Z) is rewritten on the criteria of the clock 
phi 1 with the frequency of double precision, it will become transfer function H2* (Z) shown in (several 8). 
[0071] 
[Equation 8] 

1 _7 \ 

H2'(Z) = 



1-Z 



-2 



[0072] Therefore, the decimation filter DF 2 concerning the form 2 of this operation will multiply by transfer function 
H2of 2nd filter 262 in transfer function [ of the 1st filter 261 in the 1st decimation filter 271 ] HI (Z). and 2nd 
decimation filter 272 ' (Z). and will have the low pass filter property of the synthetic transfer function HI 2 (Z) shown 
in (several 9). This is the same as the case of the decimation filter DF 1 concerning the form 1 of operation. 
[0073] 
[Equation 9] 
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H 1 2 (Z) = 



1-Z 1-Z 

i— * 

1-Z"' 1-Z 



-1 6 



-2 



\ 



1-Z 
1~Z 



■16 



-I 



/ 



[0074] The frequency characteristic of the low pass filter of the transfer function HI 2 of this synthesis (Z) is as being 
shown in drawing 4 . 

[0075] The gain of the transfer function HI 2 of synthesis of the decimation filter DF 2 concerning the form 2 of this 
operation (Z) is 4096 times (=1 63). and is the same as that of the form 1 of operation, or the decimation filter of a 
Prior art. 

[0076] The decimation filter DF 2 applied to the form 2 of this operation as mentioned above Decimation (infanticide) 
processing by dividing and realizing in the 1st decimation filter 271 and the 2nd decimation filter 272 The clock of the 
2nd decimation filter 272 with big circuit scale and power consumption of operation can be conventionally reduced by 
half to phi 2 (32fs) of 1/2 compared with phi 1 in composition (64fs). securing the form 1 or the conventionally same 
property as composition of operation. Furthermore, in the case of the analog signal of 4 bit-64fs from the 3rd delta 
sigma modulator 281, the input signal of the 1st decimation filter 271 can cut down the number of bits of the output 
signal of the 1st decimation filter 271, and the circuit scale of the 2nd decimation filter 272 can be small constituted 
in connection with it. Therefore, securing the conventionally same property as the property of the decimation filter of 
composition, compared with the conventional decimation filter, a circuit scale can be mostly cut down in a half and 
power consumption can be cut down to a quadrant. 

[0077] In addition, the output number of bits of the delta sigma modulator of the preceding paragraph, the degree of a 
delta sigma modulator and the decimation filter DF 2. and a frequency of operation are examples for explanation, and, 
of course, are not limited to this. 

[0078] [Form 3 of operation] Drawing 3 is the block diagram showing the composition of the decimation filter of the 
form 3 of operation concerning this invention. This decimation filter DF 3 consists of the 1st decimation filter 371 and 
the 2nd decimation filter 372. It is [0079], when the transfer function H3 of the 1st filter 361 in the 1st decimation 
filter 371 (Z) is set to (several 3) and the transfer function H4 of the 2nd filter 362 in the 2nd decimation filter 372 (Z) 
is set to (several 4). 
[Equation 3] 



/ 



H3 (Z) = 



1-Z 



-2 



1-Z 



-1 



[0080] 
[Equation 4] 



H4 (Z) = 



1-Z 



V, M 



\ 



1-Z 



-1 



[0081] It is alike. It sets and the 4th delta sigma modulator 381 which made the degree L= 4 larger than the integration 
degree M= 3 of the 1st filter 361 is used. Moreover, the case of the Integration degree M= 3 and the shift register 
number of stages K= 8 Is shown. The 4th delta sigma modulator 381 changes an input analog input signal into the 
digital signal of 64fs(es). 

[0082] In the 1st decimation filter 371. the delay machine 301,302,303,304 operates with the 64 times as many clock 
phi 1 of frequency 64fs as a sampling frequency fs, is delayed by 1 of a clock phi 1 clock, and outputs a signal. The 1st 
delay machine 301 is delayed and considers the output of the 4th delta sigma modulator 381 as the input of an adder 
31 1. An adder 31 1 adds the output of the 4th delta sigma modulator 381, and the output of the delay machine 301. 
The 2nd delay machine 302 is delayed and considers the output of an adder 31 1 as the input of an adder 312. An 
adder 312 adds the output of an adder 31 1. and the output of the delay machine 302. The 3rd delay machine 303 is 
delayed and considers the output of an adder 312 as the input of an adder 313. An adder 313 adds the output of an 
adder 312. and the output of the delay machine 303. The 4th delay machine 304 is delayed and considers the output 
of an adder 313 as the input of an adder 314. An adder 314 adds the output of an adder 313. and the output of the 
delay machine 304. The 1st decimation circuit 351 thins out the output signal train of 64fs(es) of an adder 314 In the 
signal train of the clock phi 2 (=32fs) of the frequency of the half of 64fs(es). 

[0083] The 1st decimation filter 371 consists of a delay machine 301,302.303,304, an adder 311,312,313,314. and the 
1st decimation circuit 351. The portion except the decimation circuit 351 of [ 1st ] the above-mentioned composition 
constitutes the 1st filter 361. and the 1st decimation filter 371 Is constituted by the 1st filter 361 and the 1st 
decimation circuit 351. The 1st decimation circuit 351 outputs a signal by 32fs(es) to the input signal of 64fs. 
[0084] In the 2nd decimation filter 372. the shift register 321.322,323 of a number of stages 8 operates with the clock 
phi 2 (32fs) of 1/2 of the frequency of the clock phi 1 (64fs) of the 1st decimation filter 371, is delayed by 8 of a clock 
phi 2 clocks, and outputs a signal. The 1st shift register 321 Is delayed and considers the output of the 1st decimation 
filter 371 of the preceding paragraph as the input of a shift register 322. The 2nd shift register 322 is delayed and 
considers the output of a shift register 321 as the input of a shift register 323. The 3rd shift register 323 delays for it 
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and outputs the output of a shift register 322. A subtractor 315 subtracts the output of the 3rd shift register 323 from 
the output of the 1st decimation filter 371. A subtractor 316 subtracts the output of the 1st shift register 321 from 
the output of the 2nd shift register 322. A multiplier 331 outputs by increasing the output of a subtractor 316 3 times. 
An adder 31 7 adds the output of a subtractor 31 5. and the output of a multiplier 331 . The 1 st integrator 341 
integrates with and outputs the output of an adder 31 7. The 2nd integrator 342 integrates with and outputs the output 
of an integrator 341. The 3rd integrator 343 integrates with and outputs the output of an integrator 342. The 2nd 
decimation circuit 352 thins out the output signal train of 32fs(es) of the 3rd integrator 343 in the signal train of 
frequency 4fs of 1/8 1/K of 32fs(es). i.e., here. 

[0085] The 2nd decimation filter 372 consists of a shift register 321,322,323, a subtractor 315,316, an adder 317. a 
multiplier 331. an integrator 341.342,343. and the 2nd decimation circuit 352. The portion except the decimation 
circuit 352 of [ 2nd ] the above-mentioned composition constitutes the 2nd filter 362, and the 2nd decimation filter 
372 Is constituted by the 2nd filter 362 and the 2nd decimation circuit 352. The 2nd decimation filter 372 performs 
low pass filter processing to the input signal of 32fs. and outputs a signal by 4fs. The number of stages 8 of a shift 
register 321,322,323 has determined the degree K= 8 of the transfer function H4 of the 2nd filter 362 (Z). Moreover, 
the number of an integrator 341,342.343 has determined the integration degree M= 3 of the transfer function H4 of' 
the 2nd filter 362 (Z). 

[0086] About the decimation filter DF 3 concerning the form 3 of the operation constituted as mentioned above, the 
operation is explained below. 

[0087] The 4th delta sigma modulator 381 outputs an analog input signal and the digital signal of 64fs(es) which have 
the 4th differential property of a quantization error. The 1st decimation filter 371 inputs the digital signal of 64fs(es) 
which have the 3rd differential property, and operates with a clock phi 1 (64fs). By operation of the 1st filter 361 
except the 1st decimation circuit 351, it has the low pass filter property of the transfer function H3 (Z) shown in 
(several 10). 
[0088] 

[Equation 10] 



/ 



H3 (Z) = 



1-Z 



1-Z 



-I 



[0089] It has the zero point in 1/2 of the frequency (32fs) of the frequency of a clock phi 1 (64fs), and has the 4th 
integration property. The gain of the 1st filter 361 which is a low pass filter of a transfer function H3 (Z) doubles the 
4th power of 2 (24). The signal train by (several 10) turns into a signal train of frequency 32fs of 1/2 by the 1st 
decimation circuit 351. 

[0090] The input signal of the 2nd decimation filter 372 is a digital signal of 32fs(es) which are the output signals of 
the 1st decimation filter 371. The 2nd decimation filter 372 operates with a clock phi 2 (32fs). By operation of the 2nd 
filter 362 except the 2nd decimation circuit 352, it has the low pass filter property of the transfer function H2 (Z) 
shown in (several 7). *- 
[0091] 
[Equation 7] 

/ . \ ^ 

1-Z 



H2 (Z) = 



-B 



1-Z 



[0092] This 2nd filter 362 has the zero point for every integral multiple of 1/8 of the frequency (4fs) of the frequency 
of a clock phi 2 (32fs), and has the 3rd integration property. Therefore, the gain of the 2nd filter 362 which is a low 
pass filter of a transfer function H2 (Z) becomes twice [ cube ] (83) 8. The signal train by (several 7) turns into a 
signal train of frequency 4fs of 1/8 by the 2nd decimation circuit 352. If the transfer function H2 on the basis of the 
clock phi 2 about the low pass filter property which the 2nd filter 362 has (Z) is rewritten on the criteria of the clock 
phi 1 with the frequency of double precision, it will become transfer function H2* (Z) shown in (several 8). 
[0093] 
[Equation 8] 

1 —7 

H2XZ) = 



-16 



1-Z 



[0094] Therefore, the decimation filter DF 3 concerning the form 3 of this operation will multiply by transfer function 
H2of 2nd filter 362 in transfer function [ of the 1st filter 361 in the 1st decimation filter 371 ] H3 (Z), and 2nd 
decimation filter 372 ' (Z). and will have the low pass filter property of the synthetic transfer function H32 (Z) shown 
in (several 11). 
[0095] 

[Equation 11] 



H3 2 (Z) = 



1 -Z 
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[0096] The frequency characteristic of the low pass filter of the transfer function H32 of this synthesis (Z) is as being 
shown in drawing 5 . 

[0097] The gain of the transfer function H32 of synthesis of the decimation filter DF 3 concerning the form 3 of 
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operation (2) is 8192 times (=24x83). 

[0098] The decimation filter DF 3 applied to the form 3 of this operation as mentioned above Decimation (infanticide) 
processing by dividing and realizing in the 1st decimation filter 371 and the 2nd decimation filter 372 Since the 4th 
differential property of the output of the 4th delta sigma modulator 381 can be offset with the 1st decimation filter 
371, Only the 1st decimation filter 371 is corresponded with the composition which has a 4th integration property, and 
the 2nd decimation filter 372 can respond with the composition which has a 3rd integration property. Therefore, the 
circuit scale of the 2nd decimation filter 372 and the increase in power consumption accompanying change of the 
degree of the delta sigma modulator of the preceding paragraph can be suppressed to the minimum. 
[0099] In addition, the degree and frequency of operation of a delta sigma modulator and a decimation filter are an 
example for explanation, and, of course, are not limited to this. 
[0100] 

[Effect of the Invention] According to the decimation filter which was described above and which is applied to this 
invention like, curtailment of a circuit scale and power consumption can be aimed at by carrying out division 
processing of the decimation processing using two or more decimation filters. Furthermore, when the signal inputted 
into a decimation filter is the output of a delta sigma modulator, a circuit scale and power consumption can be cut 
down sharply. Moreover, the circuit scale of a decimation filter and the increase in power consumption accompanying 
change of the degree of the delta sigma modulator of the preceding paragraph can be suppressed to the minimum. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the block diagram showing the composition of the decimation filter concerning the gestalt 1 of 
operation of this invention. 

[Drawing 2] It is the block diagram showing the composition of the decimation filter concerning the gestalt 2 of 
operation of this invention. 

[Drawing 3] It is the block diagram showing the composition of the decimation filter concerning the gestalt 3 of 
operation of this invention. 

[Drawing 4] It is drawing showing the frequency characteristic of the decimation filter concerning the gestalt 1 of 
operation of this invention, and the gestalt 2 of operation. 

[Drawing 5] It is drawing showing the frequency characteristic of the decimation filter concerning the form 3 of 
operation of this invention. 

[Drawing 6] It is the block diagram showing the composition of the decimation filter concerning a Prior art. 
[Drawing 7] It is drawing showing the frequency characteristic of the decimation filter concerning a Prior art 
[Description of Notations] 
101-1 03,201 -203.301-304 .... Delay machine 
1 1 1 -1 1 3.1 1 6,21 1 -21 3.21 6,31 1 -31 4.31 7 .... Adder 
114. 115. 214.215.315.316 .... Subtracter 
121 to 123.221 to 223.321 to 323....8-step shift register 
131,231,331 .... Multiplier 
141-143,241-243,341-343 .... Integrator 
151,251,351 .... 1st decimation circuit 
,152,252.352 .... 2nd decimation circuit 

161.261.361 .... The 1st filter 

1 62.262.362 .... The 2nd filter 

171.271.371 .... 1st decimation filter 

172.272.372 .... 2nd decimation filter 
The 281. ...3rd delta sigma modulator 
The 381. ...4th delta sigma modulator 
DF1, DF2. DF3 .... Decimation filter 
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